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AN EVATUATTON OF ATR-BORNE RADAR AS A MEANS OF
AVOIDING ATMOSFHERIC TURBULENCE

By Roy Steiner
SUMMARY

Gust—velocity measurements end alr—borne-radar observations obtalned
during a transcontinental flight in July 1947 have been enalyzed as part
of a gensral investigation of the uses of alr-borne radar. The analysis
indicates that soms reductlon in turbulence and a conssquent reduction in
the risk of encountering the larger gust veloclities may be obtalined by
avolding portions of clouds giving a radar echo.

INTROTUCTION

The uge of radsr, both ground and alr—borne, has been suggested as a
possible means of detectlng reglions of atmospheric turbulence. The sffec—
tiveness of this msans of turbulence detectlon depernds, of course, on the
amount of reduction of turbulence which may be expected by the use of radar.
An anslysis to determine the relatlve intenglty within areas of radar
echo, using ground—radar equliment, and in the surrounding air, using
data from the Thunderstorm Project (reference 1), has indicated that an
appreciable reduction in gust experience can be achieved by circummavigation
of areas of radar echo caused by ailr-mass convective storms (reference 2).

American Alrlinss, under a contract Lo the Bureau of Ships, Department
of the Navy, has been engaged in obtalning data on various uses of air—
borne radar in routine operating conditions. The NACA was requested to
particlipate 1n the turbulence—detectlon phase of the work.

Acceleratlon measurements and radar observatlons were taken during
a transcontinental flight of an American Alrlines?! alrplane in July 1947.
Although sufficient data were not obtalned to glve adequate results
for application to alrline operations, the acceleratlon data have
been anelyzed in relation to the radsr data to show, for the test condi—
tions, the intensity of turbulence in reglons of radar echo within e cloud,
in reglons not glving a radar echo within a cloud, and in the surrounding air.
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APPARATUS AND TEST CONDITIONS

-The characteristice of the .alrplane used in the present investi—
gations are given In table I. The alrplane was equlpped wlth a modifiled
AN/APS—10 radar which was used in making all the radar cbservations.

The instruments Installed in the elrplane to determine the gust
veloclties were: .

(1) NACA ailr-damped recording accelerometer
(2) NACA airspeed—altitude recorder
- (3) NACA synchronous timer (3—sec.interval)

These optical—type recording Instruments were installed in a group within
the cabin of the airplane approximately 4 feet forward of the center )
of gravity. The pltot and static lines of the alrspeed—ealtitude recorder
were comnected to the corresponding lines on the copilot's instrument
panel, The fl1lm speeds on both recording instruments were generally
adjusted to 16 inches of record per minute, although a few records were
taken at a film speed of 4 inches per minute. Time synchronization between
the two sets of records was obtalnsd by the timer. Reference marks to
denote dlfferent events such as cloud entry or exit were impressed upon
the records by means of a switch operated by a flight observer.

The gust—velocliy measuremente and radar observations were taken
during operations on the routes summarized in table IT, As indlceted in
the table, the weather conditions generally conslsted of stable air mmsses.
The data used 1n the evaluation of eir-borne radar, howover, were taken in
alr-mass convective—~type clouds and small thunderstorms over the portions
of the route listed In the sams table. The fllght in clear alr near ‘the
cloud and the flight through the cloud were made at approximately the sams
altltude, for a given cloud formation. The average flight altitude
wag 8,000 feet although soms data were tsken at altitudes from 4,000
to 13,000 feet.

Acceleration data were teken durling flight in the vicinity of-and
through various cloud formations which gave-radar echo to determins
whother the portion of cloud glving radar echo was more turbulent than
the portion of the cloud not giving a radar echo. TIn addition to these
dats, records were taken whenever rough ailr was encountered. In all, a
total of about 11 hours of record was obtained with 9 hours. representing
flight over the southwestern portion of the United States in cleasr ailr
not in the wvicinity of clouds.
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EVATUATION OF DATA AND RESULTS

The records of alrspeed, altitude, and accelekation were evaluated
to obtain the effectlive gust velocity Uy, for each acceleration peak

corresponding to an effectlve gust velocity of 2.0 feet per second or
greater by use of the formula (reference 3)

in which . . -
Ue effective gust ve;ocity, feet per second
An acceleration'increment, g
w wolght of airplane at the time the acceleration increment ‘was
' experienced, pounds
Po alr denslty at sea level, slugs per cubic foot
a slope of lift curve, per radlen
Ve equivalent airspsed, feet per second
wing area, square feet
X gust—alleviation factor (taken from fig. 1 of reference 3)

The effective gust velocltles obtained were grouped according to zones
representing area of radar echo in clouds, area of clouds but not in radar
echo, area of clear air mear clouds, and area of clear alr over the south—
west United States. The area of. clear alr mear clouds encompasgsed an area
up to about 10 mlles from the cloud although normelly the ares was
within O to 6 miles of the cloud. The results are shown as frequency

distributions in table ITIT for gust—velocity lntervels of 2 feet per second.

Teble IITI also shows the record time, miles flown, and gust spacing in each
of the weather conditions.

For ease in interpreting the results, the frequency dats have been
referred to a mlleage scele in figure 1. Thls figure shows the number of
miles that were flown for the various weather conditions to encounter a
gust equal to or greater than the glven values.
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PRECISION

Errors in the compubted values of effectlive gust veloclty are felt to
be less than ebout *5 percent. These errors rise primerily from lnaccu~
racles involved in the acceleration and airspeed measurements. Other
contributing factors ere the lack of knowledge of the exact alrplane weight
- at the time each gust was encountered and the effect of angular acceler—
ations due to pliching motlons of the alrplane on the normal acceleration
measurements.

DISCUSSION

Although sufficlent data are not avalleble to obtaln conclusive
ovidence, the results glven in table III indicate that some differences
exlist in the magnitude and frequency of gusts in the various flight areas.
The over-all number of gusts of all intensgitles encountered per mile of
flight is also greatest in the cloud radar echo as indicated in table III
by the gust spacing of 0.087 miles in cloud radar echo and values up
to 0.73 miles 1n clear alr near clouds.

These resulte are--further Indicated by the mileage values of
figure 1. It willl be noted from this figure that the average number of
miles that were flown in radar cloud echo to encounter & gust equal to or
greater than a glven value are from about one—half to one—third the number
of miles that were flown in nonradar portlons of clouds to encounter a gust
of equal intensity. The ratio of the mlleages for the other fllght areas
shows greabter dlfferences. In splte of the smallness of the samples,
therefore, the data 1ndicate that some reduction in the Iintensity and
frequency of gusts mlight be obtalned by avolding areas of radar echo.

As a matter of Interest, 1t can also be noted from table IIT that the
gust spacing was conslderably smeller (and the number of gusts per mile
therefore greater) for the clear air over the southwestern United States
- than for the clear alr mear clouds. Thils smaller gust spaclng 1s due to
the large number of small gusts (gusts less than 10 ft/sec) encountersd
in the clear air over the southwest portlion of the Unlted States.

CONCLUDING REMARKS

Measurements of atmospherlc turbulence and radar observatlons taken
during a transcontinental flight Iindicate that some reduction in turbulence
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and a comnsequent reductlon in the risk of encountering the larger gust -
velocities might be obtalned by avolding portions of clouds glving redar
echo.

Langley Aeronautical Iaboratory
Natlional Advisory Committee for Aeronautics
Langley Fileld, Va.
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TABLE I

CHARACTERISTICS OF TEST AIRTLANE

Average gross welght at take—off (es‘bima.ted),

Wing area, sq £t . . e .

Wing loading at ta.k:e—off lbs/sq £ ...
Span, ft . . . . e e 4 s e o e o .
Mean aerod.yna.mic chord f‘b e s s 4 s e e

Slope of 1ii1ft curve, per vadlan . . . . . .
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. . . 26,000
988
. e .. . 26.32
95
e e . . . 1.5

e e o . hb.79
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